'hywl', made considerable impact. Chapel was an important part of David's early years and throughout his life he could quote long tracts from the Bible or complete a quotation begun by another. With his father, David developed a love of poetry and of history. Poems learnt by heart in the early years remained with him. His understanding of the past and its influence on the present assisted him in his appreciation of the development of science and its administration in later years. His mother's side of the family provided the more formal academic influence. They were a large family, among whom were some who were engineers or scientists. It was a happy childhood sustained by close family and the close-knit Methodist organization.
David's formal education at the Church of England infants and elementary school in Ellesmere was interrupted at the age of seven by diphtheria. Although the Wellcome antitoxin cured the illness, he continued to carry the infection. He was kept in bed for six months, during which time his grandmother read to him whatever books she could find that were suitable, including Pilgrim's progress. When left to himself David would devour Arthur Mee's Children's Encyclopaedia. David continued his education at the High School for Boys at Oswestry, to which he won a scholarship that provided all the necessary expenses, including a season ticket for the eight-mile train journey from Ellesmere to Oswestry. History remained a major interest; mathematics came easily and he enjoyed chemistry. He decided to take mathematics, physics and chemistry with subsidiary French for the Higher School Certificate examination in 1942, influenced by the wartime need for scientists and technicians. At the start of the war he had joined the Home Guard in Ellesmere serving during weekday evenings and weekends and becoming a good shot.
U C C (1942-44, 1947-48, 1948-51) , RNVR R O (1944-47)   NRL, C After the Higher School Certificate examination, David was awarded a State bursary and a county scholarship to go to university. With the State bursary he was directed to read physics, mathematics and electrical communications at University College Cardiff. Physics was not his favourite subject and he would have preferred to read chemistry, but he was interested in the electrical communications. David took a wartime degree in June 1944. He was then interviewed by a delegation from the Ministry, which included C.P. Snow, concerning his future plans in wartime Britain. Despite the efforts of the panel to send him to the Royal Signals Establishment at Malvern, where people like Andrew (later Sir Andrew) Huxley (F.R.S. 1955; P.R.S. 1980-85) and John Pringle (F.R.S. 1954) were doing interesting work, David insisted that he wanted to join the Royal Navy. David received training as a Radar Officer and was posted to HMS Illustrious, a fleet aircraft carrier, at Rosyth in the spring of 1945. He recalls this as a satisfying period, for he had always been romantic about the sea and he enjoyed experimenting with radar. In later years he greatly enjoyed sailing holidays off the USA and Canada Eastern seaboard with Fred Richards from Yale University, one of his oldest friends and colleagues.
After demobilization in February 1947, David returned to Cardiff, where he was awarded first class honours (standing top of the list) in physics in 1948. He decided to do research and opted for X-ray crystallography because it related to chemistry. His supervisor was A.J.C. Wilson (F.R.S. 1963), a crystallographer who is noted for his work on intensity statistics. David's experimental crystallography was self-taught. He solved the structure of one of the polymorphic forms of acridine in projection and the three-dimensional structure of ephedrine by using two orthogonal projections. The chlorine atoms of the ephedrine hydrochloride salt were found from a Patterson synthesis. Noting that the ephedrine hydrochloride and hydrobromide salts were isomorphous and assuming that the halogen atoms occupied identical positions, David developed a method to calculate phases (an early use of isomorphous replacement) and from there he was able to solve the structure and refine it by Fourier methods (4)*. Crystallography was labour-intensive in those days. Intensities of the X-ray diffraction spots were recorded on film and estimated visually; the complex structure factors for the non-centric projections were calculated with the aid of an analogue graphical device, and Fourier syntheses were calculated with Beevers-Lipson strips. It is interesting that David devised a reflection method for projecting molecular structures (1), a forerunner of early methods used to interpret protein electron density maps. Together with a lecturer, Don Rogers, and a fellow graduate student, Eric Howells, David used his experimental data to test a hypothesis from Wilson that centric and non-centric crystals could be distinguished by the statistical distribution of their X-ray intensities. This resulted in a much-quoted crystallographic paper (2) . (Authors were listed in alphabetical order, a tradition that was followed in David's laboratory until the mid-1970s.) A short paper followed this on the reliability index for centrosymmetric and non-centrosymmetric structures that used David's experimental observations with ephedrine and Wilson's statistical results (3). His thesis, entitled 'The crystal structures of compounds related to certain alkaloids', exemplified several themes that he was to develop with more complex biological structures later: care with intensity measurements, technical innovations, interpretation of original observations, and analysis of molecular structures.
He completed his PhD in the summer of 1951. Encouraged by Wilson, who was Canadian, David responded to an advertisement for a postdoctoral fellowship in Canada at the National Research Laboratories in Ottawa. He joined the Crystallography Laboratory led by W.H. Barnes, a crystallographer who had worked at the Royal Institution in the late 1920s with Sir William Bragg, F.R.S., on the structure of ice. First as a postdoctoral fellow (1951-53) and then as a member of the research staff (1953-55), David continued his studies of the three-dimensional structures of relatively small molecules, notably polymorphic forms of acridine, extending the analyses to include three-dimensional data, developing methods of photographic data collection and introducing in Ottawa the use of digital computers, in collaboration with Farid Ahmed, an Egyptian who had worked with Durward Cruickshank (F.R.S. 1979) at Leeds. The papers published in these years (5-7) were noted by the specialists and established his reputation in the field of crystallography. David recalls his time in Ottawa as a period of reflection and thinking about what might come next. It was a formative period.
T R I, L, 1956-66
In 1955, on the suggestion of Dorothy Hodgkin, F.R.S., David was invited by Sir Lawrence Bragg, F.R.S., to join the staff of the Davy-Faraday Research Laboratory of the Royal Institution of Great Britain on a short-term position funded by the Rockefeller Foundation. The Royal Institution, located in Albemarle Street off Piccadilly in the heart of London's West End, was founded by Count Rumford in 1799 'for the promotion of science and the diffusion and extension of useful knowledge'. It is a private society depending for its income from members' subscriptions, its endowments, and donations from various sources including industry, and research grants. During the early part of the nineteenth century, Davy and Faraday established a tradition of in-house research coupled with presentations to the general public on the latest scientific discoveries. Faraday's laboratory was in a room in the basement (with the label 'Servants' Hall' on the door). The X-ray laboratory was also located in the basement, and the research laboratories were on the upper floors of the house next door and connected to the main building at a number of levels and served by a hydraulic lift of character, in which several members refused to travel alone. Bragg, as the Director of the Royal Institution, lived on the premises. This created a family atmosphere of quite remarkable intensity. Bragg and David were to become close friends with enormous respect for each other's achievements. David's Biographical Memoir of Bragg (32) is nearly 70 pages long (written at a time when there was no word limit) and is a remarkable historical tribute.
Sir Lawrence Bragg, in 1953 at the age of 63, had accepted the Directorship at a time when both the research reputation and financial position of the Royal Institution were low. He viewed it as something of a challenge to address both problems. In Cambridge as Cavendish Professor, Bragg had fostered the early protein crystallographic studies of Max Perutz (F.R.S. 1954) and John (later Sir John) Kendrew (F.R.S. 1960), becoming an enthusiast immediately after seeing Perutz's X-ray diffraction photograph from a haemoglobin crystal in 1938. By 1953 these studies were beginning to show promise. Perutz had just shown that the method of isomorphous replacement with heavy atoms could be used to solve the phase problem for proteins. Models for the structures of the fibrous proteins wool, silk and collagen were also available.
John Kendrew and Max Perutz, although not wishing to leave Cambridge, had been appointed Readers in Crystallography at the Royal Institution and had agreed to help the new laboratory. David began work with Kendrew on myoglobin. He used a semi-automatic threecircle diffractometer, which had been assembled by Uli Arndt (F.R.S. 1982), to measure some of the data that were used in the low-resolution structure analysis. He also used this instrument to determine the absolute scale of the X-ray intensities from seal myoglobin crystals, not by Wilson's statistical method, which was not expected to work well with proteins at low resolution, but by a careful comparison of myoglobin intensities with those measured for anthracene crystals whose absolute scale was known. The result was reasonably accurate and gave confidence that protein crystals were no different from ordinary crystals in obeying the laws of diffraction.
The team effort on myoglobin was well coordinated, with each member playing a defined role, a tactic that David was to develop in his later work with lysozyme. Kendrew visited the Royal Institution about once a week. Crystals were prepared in London and they were photographed and densitometered partly in London and partly in Cambridge. Measurements were sent to Cambridge and input by hand into the EDSAC computer. The arrival of the 2 Å Fourier synthesis of myoglobin in the autumn of 1959 with the use of a program written by Michael Rossmann (For.Mem.R.S. 1996) was an extraordinary moment and caused considerable excitement, leading to the first three-dimensional structure of a globular protein (9).
The myoglobin work had shown the need for automatic methods for recording and measuring the large number of X-ray intensities from protein crystals. Together with Uli Arndt, David developed the linear diffractometer for this purpose (10) . The diffractometer was an analogue device based on the Ewald construction for X-ray diffraction. The reciprocal lattice was represented by three slides, two of which could be rotated about the third; the third slide could also be inclined to the direction of the incident X-ray beam. The proportional counter carried on these slides could be set to any position in space within the coordinate system defined by the slides. Hence the crystal and counter settings could be calculated without computer control. X-ray intensities were measured with a xenon-filled proportional counter with associated amplifiers and pulse counting circuits. The output was fed directly to a teleprinter that gave a plain language printout and a five-hole punched tape for input to the computer.
The prototype instrument was built in the workshop at the Royal Institution by Tom Faulkner, a first-class instrument maker, who took particular care to introduce constraints to allow precision setting of the slides. To patent the instrument, technical drawings were required. Uli Arndt was away in the USA at this time. Typically, David bought the Home University Library Teach yourself engineering drawing and taught himself the presentation of isometric projections. The drawings formed the basis for the patent. The linear diffractometer was developed by Hilger and Watts Ltd, and in 1962 ten laboratories purchased the instrument, a number that was close to the number of protein crystallography laboratories at that time. With Colin Blake, who had joined the Royal Institution in October 1960, the laboratory prototype was used to collect 1.5 Å data for myoglobin (about 40 000 intensity measurements from fifty-three crystals), which produced a high-precision electron density map used for early refinement of the structure.
The linear diffractometer was also used in a study of radiation damage in protein crystals by repeated measurements of reflections at regular intervals during long exposure. It was shown that intensities decrease with dose according to the law
where a(t) represents the fraction of the crystal volume unaffected by irradiation at time t and b(t) represents the fraction seriously disordered but still contributing to crystal diffraction. In addition to the general effects it was also shown that radiation causes changes in the relative intensities of certain reflections that could be associated with disorder or modification of specific residues. This was a fine early study on radiation damage that remained for many years one of the few detailed expositions of an important problem (12). In 1963 the linear diffractometer was adapted with three counters to make measurements quasi-simultaneously with the flat cone setting (13, 15) . This allowed an increased rate of data collection that was particularly valuable for crystals sensitive to radiation damage. Although later the linear diffractometer was superseded by automatic four-circle diffractometers, which were more amenable to digital control and did not suffer from the requirement for close supervision for the measurement of low-angle reflections, it was crucial for the success of the lysozyme project. Uli Arndt has commented that David knew when to stop developing an instrument and use it in earnest to solve a problem.
L
Structure determination In 1960 Roberto Poljak came to the Royal Institution from the Massachusetts Institute of Technology, bringing with him crystals of lysozyme, a commercially available enzyme. Within a few months he had obtained promising projection photographs of heavy-atom derivatives. The crystals were tetragonal, spacegroup P43212, unit cell dimensions a = b = 79.1 Å, c = 37.8 Å, with one molecule of lysozyme (molecular mass 14 000) per asymmetric unit. With financial support from the Medical Research Council, (MRC) with Bragg's active encouragement and with the knowledge that teamwork had been essential to the solution of the myoglobin structure, a group was assembled to tackle that of lysozyme. The team initially comprised Roberto Poljak, David, Tony North, who had previously worked on haemoglobin with Max Perutz and who provided exceptional support on the data processing and computing, Colin Blake, who made special contributions in the preparation and analysis of the heavy atom derivatives, and Ruth Fenn, a graduate student who also contributed to the screening of derivatives. In the early days, calculations were done on the University of London's Ferranti Mercury computer, usually in the middle of the night. By 1962, a 6 Å electron density map was calculated in which the boundary of the molecule was apparent; a model, constructed from the electron density sections, showed the molecule to be divided into two domains. However, in contrast with the low-resolution maps of the all-α-helical haemoglobin and myoglobin molecules, the lysozyme map did not allow the course of the polypeptide chain to be traced. Nevertheless, the work was sufficiently encouraging to merit publication (11), along with papers from two other groups in the USA who were also working on lysozyme.
It was clear from the low-resolution map of lysozyme that a high-resolution structure was needed and that this would require considerable effort. In 1962 the team was increased with Don Koenig as a postdoctoral worker. Raghu Sarma joined in 1963 and Gareth Mair in 1964 to augment strength in computing. The team also included a number of clever noncrystallographic helpers, such as Winifred Browne, who had joined the Royal Institution in 1958. Computing demands merited an in-house computer and with the aid of a grant from the MRC an Elliott 803 was purchased in March 1963. The specialist crystallographic software needed to be written in-house. Great care was given to the data collection strategy with the Arndt-Phillips three-counter linear diffractometer. Tony North developed new methods for absorption corrections (21) . None of the heavy atom derivatives that had been used in the 6 Å map was judged suitable for the 2 Å map and a new search of about fifty compounds was performed. Some of these compounds were available commercially, but others were synthesized at the Royal Institution either by J.W.H. Oldham or by Colin Blake.
By early 1965, after careful refinement and modelling of the heavy-atom derivatives and the use of anomalous scattering data that were inherently more accurate than the isomorphous data, a 2 Å electron density map was calculated. The hand-drawn contours were transferred to transparent sheets and stacked in sections corresponding to intervals along the crystallographic z-axis. David was immediately able to evaluate its quality and make an interpretation, using the amino acid sequence of lysozyme previously determined independently by the groups of Pierre Jollès and Robert Canfield. The initial interpretation started with the recognition of a disulphide bridge that was four residues away, towards the carboxy end of an α-helix, from a phenylalanine residue. Working in shifts of two in one of the back rooms of the Royal Institution, the team constructed a model on a scale of 2 cm to the ångström with brass models supplied by Cambridge Repetition Engineers and constructed to mimic known bond lengths and angles. Model building was begun in February 1965 and completed by 31 March 1965, in time for celebrations of Bragg's seventy-fifth birthday and the fiftieth anniversary of his Nobel Prize. Sir Lawrence was enthralled by the complexity of the model and he made a freehand drawing of the structure that formed the basis for the illustration in the resulting publication (16), one of the earliest and most effective representations of a complex protein molecule.
The structure showed that the 129-amino-acid protein folded into a roughly ellipsoidal shape with dimensions 45 Å × 30 Å × 30 Å. In comparison with the all-α-helical myoglobin molecule, only about 42% of the residues were in α-helical arrangement, whereas three short stretches of chain formed an anti-parallel β-sheet. The inside and outside of the molecule were less easily defined than for myoglobin but it was noted that the lysozyme molecule was folded around hydrophobic cores, although some hydrophobic residues, such as tryptophans 62 and 63, were exposed to the solvent. A more detailed description of the structure including an analysis of the Ramachandran angles, an observation of a 3 10 helix and an analysis of side chain distribution was presented at The Royal Society's meeting in February 1966 (19) .
The fold of the lysozyme molecule initially seemed complex, without a particular pattern. One of David's achievements was to simplify this in terms of protein folding. In a dramatic demonstration during his Friday Evening Discourse at the Royal Institution in November 1965, he had a model of the molecule in its extended conformation hanging from the ceiling about 1000 cm long on a scale of 2 cm to the ångström and on the desk a model of the folded molecule, about 60-90 cm in diameter, demonstrating the remarkable property of proteins to fold into compact structures. During the lecture a model of the folded structure was lowered from the ceiling, the lecture lights dimmed and a light path traced the chain, composed of light bulbs sequentially lit for every amino acid, with blue and red for the basic and acidic groups, and yellow and green for the polar and non-polar groups, respectively. This was a magical moment. David went on to show that the two halves of the molecule were folded around hydrophobic cores. He demonstrated a possible folding pathway in which the first forty residues could form a folding unit, while the next fourteen residues were all hydrophilic and with no incentive to fold until hydrophobic residues at positions 56 and 57 encouraged the chain to adopt a β-sheet arrangement so as to bury these residues. Similar considerations could be applied to the folding of the rest of the model. The proposals for protein folding were elaborated in an influential article in Scientific American (18). The model anticipated our current understanding of folding pathways for proteins in which the final assembly is organized around sub-assemblies formed during the early stages of folding.
Another event at this time was the filming of a Horizon television programme in which lysozyme was shown to grow one residue at a time. In fact Win Browne made a complete model that was disassembled one residue at a time; the film was then run backwards. David presented the lysozyme structure at a meeting of the Federation of American Biological Societies in Atlantic City in spring 1965, which was attended by representatives from the National Science Foundation and the National Institutes of Health. Fred Richards has recalled (A. Rev. Biophys. (1997) 26, 1-138) that the programme directors had become doubtful about future support for protein crystallography in the USA because little progress seemed to have been made since the solving of the structure of myoglobin in 1959. Lysozyme confirmed that protein structures even with low α-helical content could be solved and that the results were informative. David was also able to indicate that several US groups were close to the solution of other new structures and thus influenced funding decisions that were crucial for the emerging field of structural biology. (In 1967, three new structures appeared: those of ribonuclease from Yale, carboxypeptidase from Harvard and chymotrypsin from Cambridge.) David always regretted that a detailed exposition of the technical aspects of the determination of the lysozyme structure was never written. Shortly before his death, as part of a contribution to the history of protein crystallography, the story of the determination of the structure of lysozyme was finally completed (46) .
Catalytic mechanism Alexander Fleming's observation that nasal mucus had the property of dissolving certain bacteria led to the discovery of lysozyme, reported in 1922, four years before his more famous discovery of penicillin. Simultaneously with his discovery of lysozyme, Fleming had found a Gram-positive bacterium, Micrococcus lysodeikticus, that was particularly susceptible to lysis by lysozyme. Later, others showed that lysozyme exerted its anti-bacterial effects through its ability to hydrolyse the β(1-4) glycosidic bond between the N-acetylmuramic acid and the Nacetylglucosamine sugars that form the polysaccharide component of the bacterial cell wall. Homopolymers of N-acetylglucosamine were also shown to be substrates and this discovery led to a more amenable substrate than M. lysodeikticus cells. In 1964, John Rupley from Arizona provided the important experimental evidence that the substrate of optimal length was a hexamer of N-acetylglucosamine and that cleavage occurred to liberate a tetrasaccharide and a disaccharide.
When I joined the Royal Institution in 1962 as a graduate student, David suggested that I determine the crystal structure of N-acetylglucosamine; we might then look at its binding to lysozyme. It took me two years to complete the structure of N-acetylglucosamine (a task that nowadays would take about two days) but the analysis taught us much about sugar conformation and chemistry (14). By 1964, when the high-resolution native structure of lysozyme was well on its way, we started binding studies in which N-acetylglucosamine at 100 mM concentration was diffused into preformed crystals of lysozyme. The resulting 6 Å three-dimensional map obtained in October 1964 showed a peak of additional electron density located in the cleft between the two domains of the molecule (17). Kinetic studies also performed at the Royal Institution had shown that N-acetylglucosamine was a competitive inhibitor and so there was a good chance that the extra density marked the catalytic site. This first difference electron density map for the lysozyme-inhibitor complex showed the power of the difference Fourier synthesis to locate a low-molecular-mass compound bound to a large protein molecule. By 1965 it was clear that we were ready to embark on the more challenging 2 Å resolution study of the lysozyme-inhibitor complexes, an effort that involved the whole team.
John Rupley, on a visit during the hot summer of 1965, succeeded in growing co-crystals of the complex between lysozyme and the trisaccharide tri-N-acetylchitotriose. Data collection proceeded during the autumn and the final 2 Å difference Fourier synthesis was calculated on 6 January 1966. The date is important because a Royal Society Discussion Meeting on lysozyme had been organized by Max Perutz to take place at the Royal Institution on 3 February. Although there was new information available from the low-resolution inhibitor studies, much more detailed information could be gained if the high-resolution studies could be interpreted in time. The interpretation of the 2 Å map for tri-Nacetylchitotriose was straightforward and showed the trisaccharide bound with the three sugars occupying sites at the top part of the cleft and shielding Trp 62 and Trp 63. Model building and recording of coordinates was laborious and time-consuming. At the same time we were also interpreting the conformational changes induced by ligand binding, and the high-resolution map for N-acetylglucosamine, which showed the sugar bound as a mixture of α and β anomers. By 31 January this work was completed.
David then went on in a remarkable feat of deductive reasoning to propose a model for the lysozyme-substrate complex with particular attention to specificity and the interactions with lysozyme that could explain this. Noting from Rupley's work that the optimal substrate was a hexasaccharide, he extended the trisaccharide by molecular model building of three additional sugars into the lower part of the cleft, labelling the six sites A-F, where A-C corresponded to experimentally observed trisaccharide sites and D-F to the newly built sugar sites. Noting the specificity of lysozyme for alternating N-acetylmuramic acid and N-acetylglucosamine sugars in the bacterial cell wall, he was able to show that sites A, C and E could not accommodate the more bulky N-acetylmuramic acid residues but that these could be accommodated in sites B, D and F. This suggested that the site of cleavage was either between sites B and C or between sites D and E. The former possibility could be discarded because it was known that the trisaccharide complex was stable in the crystal, which was consistent with the observation that the trisaccharide was also a poor substrate. Two carboxylic acid groups were close to the glycosidic bond between sites D and E. Tony North, David and other members of the group had noted that one group, that of glutamic acid 35, which was within 3 Å of the glycosidic oxygen, was located in a hydrophobic environment created by the rest of the protein, suggesting that it was unlikely to be ionized at low pH. The other, from aspartic acid 52, was close to the C-1 and ring oxygen of the sugar bound in site D. It also had a relatively buried environment but was surrounded by polar residues, suggesting that it would have a normal pK a and was likely to be ionized at pH 5, the pH for optimal activity of lysozyme against Nacetylglucosamine homopolymers. There was a third factor that David had noticed during the model building. To avoid steric crowding at the alcohol group of the sugar in site D, it was necessary to distort this sugar from the chair conformation, characteristic of glucopyranoses, to a sofa conformation. This was a bold step because an analysis of single-crystal structures of sugars available at that time had shown the chair conformation to be the rule. The decision to distort the sugar required considerable confidence in the lysozyme model and understanding of those regions capable of flexibility or rigidity.
At this point Charles Vernon visited the Royal Institution in preparation for his talk at The Royal Society's meeting. Vernon, from University College, was a carbohydrate chemist whose studies in solution had shown that the hydrolysis of methyl-α--glucopyranosides proceeded via a ring-closed carbonium ion intermediate and that the rate-determining step was the heterolysis of the carbon-oxygen bond. Rupley's work with H 2 18 O had shown that the lysozyme reaction proceeded through cleavage of the C-1-O glycosidic bond with retention of configuration. When Vernon saw the model of the hexasaccharide complex with the carboxyl and carboxylates of Glu 35 and Asp 52 respectively in the catalytic cleft and the distortion of the sugar in site D, he exclaimed that this was exactly what he would expect from his own work for a carbonium ion mechanism with distortion of the substrate by the enzyme towards the transition state. The mechanism also illustrated early proposals by Dan Koshland for the possible mechanisms of glycosidic bond cleavage.
Thus the mechanism was presented for the first time at The Royal Society's Meeting held on 3 February 1966 (20). It was proposed that with the hexasaccharide substrate bound as in the model, protonation of the glycosidic oxygen was accomplished by Glu 35, leading to the formation of a carbonium-oxonium ion intermediate that was both favoured and stabilized by the nearby presence of the ionized Asp 52 and by the distortion of the sugar in site D. As Max Perutz commented in his closing remarks at the meeting, 'For the first time we have been able to interpret the catalytic activity of an enzyme in stereochemical terms'.
The structural studies on the lysozyme mechanism sparked a wealth of new experimental work by others that confirmed the proposals put forward by the model (summarized in reviews (22, 25)). Direct structural evidence for the distortion of the sugar in site D took a little longer to obtain and remained the most controversial of the three components of the mechanism. Work by Lienhard and colleagues showed that the δ-lactone of tetra-Nacetylglucosamine was a more potent inhibitor than the corresponding tetrasaccharide, suggesting that the δ-lactone, when part of the tetrasaccharide, was a possible transition state analogue, as expected from its geometry. Structural studies confirmed this in 1974 and showed that the lactone adopted a sofa conformation (26). More definitive confirmation came in 1991, just in time for a meeting organized in Oxford on David's retirement, from the work of Natalie Strynadka and Mike James (J. Mol. Biol. (1991) 220, 401-424), who showed that the trisaccharide N-acetylmuramic acid-N-acetylglucosamine-N-acetylmuramic acid bound just as expected in sites B, C and D, with distortion of the sugar in site D. David always insisted that the lysozyme achievement was a team effort, as indeed it was, but the leap of imagination to the mechanism characteristically involved David in seeking expert specialist knowledge where needed, as well as confidence in the experimental basis on which the hypothesis was built. The proposed mechanism for lysozyme contained suggestions for essentially every structural contribution to the catalytic power of enzymes that has been detected in enzymes since, including proximity, ground-state distortion, alteration of active-site pKa by the unique environment of the enzyme, general acid-base catalysis, and transition state stabilization by electrostatics and hydrogen bonding. 
O, 1966-90
In 1966 Bragg retired from the Royal Institution and for some time previously he had been concerned to find appropriate situations for members of his research group. As a result of proposals by Dorothy Hodgkin, F.R.S., John Pringle, F.R.S., and Sir Hans Krebs, F.R.S., David was offered an ad hominem Professorship in Molecular Biophysics at the University of Oxford with a Professorial Fellowship at Corpus Christi College, where the historian Trevor Aston was influential in promoting the association of the college with the new subject. The Oxford chair obtained at the age of forty-two was his first tenured appointment, as he would sometimes remind anxious postdoctoral research assistants when he would stress the importance of doing good work with the expectation that the rest would follow. With the active support of the MRC, led by Sir Harold Himsworth, some influence by Lord Florey (P.R.S. 1945-50), and further support from Bragg's old friends Sir Kenneth Lee and Harold Hemming, David was able to take with him the greater part of the lysozyme research group. The new Laboratory of Molecular Biophysics was associated with the Department of Zoology. John Pringle, the then Head of the Department, had a vision of zoology extending from populations, the whole animal and its environment, down to the molecular level, as exemplified in his own studies on insect flight muscle. The new team was viewed with suspicion by some biochemists but given a warm welcome by chemists, such as Jeremy Knowles (F.R.S. 1977) and Gordon Lowe (F.R.S. 1984). The laboratory was first housed in the old physiology building (now used by the Genetics Unit of the Department of Biochemistry). The laboratories in the new zoology building, to which the group moved in 1970, were generously equipped, using funds from the University Grants Committee and the Nuffield Foundation. David was to recall these days of generous research funding when faced with hard decisions during his time at the Advisory Board of the Research Councils in the 1980s.
In addition to Colin Blake and Tony North, David also recruited Andrew Miller, who worked on fibrous proteins, and Robin Offord, who was a protein chemist. These positions were funded for the first six years with the help of a major grant from the MRC on the understanding that they would then be taken over by the university. The staff represented a well-balanced group poised to extend studies on protein structure and function. I joined in 1967 as a departmental demonstrator after a postdoctoral year at Yale University. David also recruited Mike Pickford in 1966 as head of the mechanical workshop, and John Marsh as head of the electronics workshop, showing the importance of continuing the tradition of instrument design and construction. One of the major items to come from this was the conversion of the linear diffractometer to a five-counter instrument and later the incorporation of a fifth circle to a four-circle diffractometer to allow measurement of five reflections quasi-simultaneously, greatly increasing the efficiency of data collection (28) . These early years were enlivened by a sabbatical visit from Fred Richards, Head of the Department of Molecular Biology and Biophysics at Yale University, who was elected Visiting Fellow of All Souls College (1967-68). Fred and his wife Sally sailed their own yacht across the Atlantic on their way to sabbatical leave in Oxford. He used the time in Oxford to construct the 'Richards box' (or 'Fred's Folly' as it was sometimes known in the laboratory), a device that permitted the superposition of electron density maps and molecular models to enable the interpretation of structures before the days of computer graphics.
The Laboratory was organized as a group of independent but closely interacting research teams. David attached importance to having a lively protein chemistry research group to complement the structural studies. Three of the original university lecturers (North, Offord and Miller) left over the years for professorships elsewhere, and were replaced by Louise Johnson (F.R.S. 1990), David Stuart (F.R.S. 1996) and Tony Rees. In 1985 the laboratory moved to its present location in the Rex Richards Building, adjacent to the Biochemistry Department and the Physical Chemistry Laboratory. By that time the connections with Biochemistry had been strengthened, while the interests of the Zoology Department were turning more to environmental studies.
Studies with lysozyme led to one of the first homology modelling efforts. The milk protein α-lactalbumin had been shown by Brew, Vanaman & Hill 1967 (J. Biol. Chem. 242, 3747-3749) to exhibit about 40% identity in amino acid sequence to lysozyme, a similar arrangement of four disulphide bonds, but only a distant relationship in biological function. With Win Browne and Tony North, David constructed a model of α-lactalbumin based on the lysozyme structure (23) that showed how the amino acid sequence could be readily accommodated in the lysozyme fold and provided some rationalization for the difference in specificity and function. α-Lactalbumin was later crystallized by R. Aschaffenburg; in 1986 the structure was solved by David Stuart and Ravi Acharya in Oxford, and was found to be very similar to the earlier homology model (37).
In a move away from the study of small monomeric extracellular enzymes, the team began a concerted effort on the more complex intracellular enzymes of the glycolytic pathway, stimulated by contacts with the Biochemistry Department of Herbert ('Freddy') Gutfreund (F.R.S. 1981) at the University of Bristol and by contacts within Oxford. Stephen Waley, then in the Department of Ophthalmology, crystallized rabbit muscle triosephosphate isomerase (TIM) from a commercial sample, an initiative that began a concerted attack on this enzyme. The crystals proved difficult to reproduce and the Bristol laboratory purified the chicken muscle enzyme, which crystallized in a form more suitable for detailed analysis. David, together with a succession of graduate students, first David Banner and Ann Bloomer, and later Greg Petsko, Ian Wilson and Paul Rivers, solved the structure that revealed a topology based on an 8-fold repeat of a β-strand/α-helix that created an internal barrel of β-sheet with the α-helices on the outside (24, 27 ). This motif, the 8-fold β/α-barrel, is now the most common motif in the protein structures represented in the Protein Data Base. After the second observation of the fold in pyruvate kinase by Hilary Muirhead in Bristol, the number of such structures is now approaching a hundred. David took a quiet pride whenever a new TIM-barrel structure was announced.
David was one of the founders of the Oxford Enzyme Group, formed in 1969 to promote interdisciplinary biological research in Oxford. Triosephosphate isomerase became one of the flagship projects that exemplified the goals of the group. It inspired the fundamental work of Jeremy Knowles on the catalytic mechanism, the studies of Stephen Waley on chemical modification and mechanism, and those of Robin Offord on sequence determination. The Oxford Enzyme Group, funded by the Science Research Council after an initiative by Sir Ewart Jones, F.R.S., was chaired from 1969 to 1984 by Sir Rex Richards, F.R.S., and, under his leadership, the development of NMR spectroscopy as applied to biological problems flourished. R.J.P. Williams, F.R.S., developed the new NMR technology with lysozyme to promote new ideas on protein dynamics (29) . David was Chairman from 1984 to 1988. A spirit of comradeship among the first twenty-two members from nine different departments was fostered by fortnightly dinner meetings during term held at one of the colleges and financed by a donation to David from an industrial well-wisher who attached no conditions to how the funds were to be spent.
David's interests in the continuing development of X-ray crystallography led him into the analysis of protein mobility. With graduate students Michael Sternberg and Diana Grace he analysed the behaviour of isotropic temperature factors from the 2 Å structure of lysozyme refined by Bob Diamond's real space refinement procedure coupled with difference Fourier synthesis methods. The results allowed an interpretation of molecular motion in terms of vibrations and librations of the molecule (30) . The data provided only weak evidence for a hinge-bending motion of lysozyme (a mechanism in which the two domains of the structure vibrate so that their separation varies). In collaboration with Peter Artymuik and Colin Blake, who had determined and refined the structure of human lysozyme independently, it was shown that patterns of atomic displacements derived from the two lysozyme structures were broadly similar, indicating a close correlation suggestive of similar intramolecular motions (31). It was noted that regions at the catalytic site of lysozyme that undergo conformational change on ligand binding exhibited high mobility, indicating a relationship between mobility and biological function. Although analysis of temperature factors and implied atomic displacements had been used routinely in the study of small molecules, such an analysis had not been applied to protein molecules, largely because of uncertainty about the accuracy of these parameters. The paper with lysozyme showed that experimental errors in X-ray intensity measurements and the effects of crystal packing were not as serious as might be thought. The manuscript provided the first demonstration that dynamic information could be obtained from an X-ray structure of a protein. David elaborated these ideas at a Biochemical Society Symposium (33) and later with David Stuart provided a thoughtful review of ways in which information for anisotropic vibrations could be obtained (35) .
Encouraged by Rodney Porter, F.R.S., a close friend and then Head of the Biochemistry Department in Oxford, David with his graduate student Brian Sutton determined the structure of an Fc fragment of an immunoglobulin G (IgG) molecule comprising the two carboxy-terminal halves of the heavy chains with a complex carbohydrate attached to an asparagine residue at the interface between the CH2 and CH3 domains on each of the chains (34) . Although the structure of another Fc fragment had been determined previously by Johann Deisenhofer in Robert Huber's group at Martinsried, the Oxford Fc structure was the first to demonstrate the detailed structure of the carbohydrate comprising some ten sugars located at the interface between the two chains. The two N-linked carbohydrate chains adopted different conformations and showed some differences in composition and mobility. Lunch-time conversations with Sir Edward Abraham, F.R.S., and Stephen Waley (who was by then at the Sir William Dunn School of Pathology) led to a study of the structures of the β-lactamases, in collaboration with Brian Sutton and two other graduate students Boudjema Samraoui and Rosemary Todd (36) , providing a link between structural biology and enzymes of medical importance. The tertiary structural similarity between class A β-lactamase and a penicillin-sensitive -alanyl--alanine carboxypeptidase-transpeptidase was noted, supporting the hypothesis for an evolutionary link between the penicillin-degrading enzymes and the β-lactam target enzymes of penicillin.
During the later years at Oxford, David described his role as an enabler of science, encouraging others to flourish. He was excellent at this. Through discussion with Ed Fischer and Ed Krebs, and with Neil Madsen, he proposed that I begin studies on glycogen phosphorylase; his contacts with Fred Brown stimulated David Stuart's studies on foot-andmouth disease virus; his own interests in protein folding and protein structure prediction were influential in promoting the work of Michael Sternberg and Janet Thornton (F.R.S. 1999); and his interests in protein dynamics led to the promotion of low-temperature studies, notably by Greg Petsko. His own research team was relatively small and he worked mostly with graduate students whom he trained himself, although there were a few postdoctoral assistants. Over the period 1964-89 David supervised, either solely or jointly, twenty-eight research students, most of whom have gone on to make significant contributions in research and university teaching, and at least seven of whom have been awarded the title of Professor. He was an inspiring supervisor. He was not ashamed to display his own ignorance and to seek explanations with the help of the student. He demanded the highest standards in experimental work and expected the student to be able to work independently. He was also pragmatic. One of his encouraging sayings was, 'Don't let the best be the enemy of the good'.
P   
David was a good expositor of science, usually speaking without notes with well-constructed sentences and a logical flow of ideas. An early demonstration of public presentation was the organization of the UK science contribution to the International Exhibition held in Brussels in 1958 (8). This involved coordination of the physics, chemistry and biology sections together with the help of an architect designer. In 1960, encouraged by Bragg, who was Chairman of the Soirée committee, he organized an exhibition for the Tercentenary celebrations of The Royal Society, in which, against some fierce competition, the myoglobin model had pride of place. His Royal Institution Christmas Lectures delivered in 1980 on 'The chicken, the egg and the molecule' were especially memorable. David gave five lectures and the sixth lecture was given by Max Perutz on haemoglobin, the breathing molecule. David was assisted by his daughter Sarah, then aged eighteen, and typically he also used her advice on ways in which to present the science to children. In 1984 he produced a BBC/TV video cassette for the Open University Biochemistry course on Protein and nucleic acid structure, which was awarded a prize at the 1992 International Festival of Science and Technology Films. His long list of plenary and named lectures around the world testifies to his popularity as a speaker.
P     
David's major roles in the administration of science can be divided into his service with four institutions: The Royal Society, the MRC, the Advisory Board of the Research Councils (ABRC) and the House of Lords. There were often interactions between his roles for these different organizations (for example he served as The Royal Society's Assessor on the MRC). Experience gained from service with one was used in other roles. In addition he was much in demand for committees, on advisory boards and councils to various laboratories and institutions (including the Council of the European Molecular Biology Organization (EMBO), 1971-77) and IUPAB Council (1975-81) and on the editorial board of various journals (including the Journal of Molecular Biology, 1965-77). He was also founder President of the British Crystallographic Association (1982-84) and Vice-President of the Academia Europaea (1994-97). He served as a member or advisor on many SERC committees. From 1972 he was involved in discussions for access, funding and instrumentation for molecular biology research at the new synchrotron source at the Daresbury Laboratory. After the approval from the Treasury of £3 million for construction of the Synchrotron Source (SRS) in the late 1970s, he was actively involved in a consultative role in many aspects.
M R C
The MRC had its origins in about 1913 in the Medical Research Committee that grew out of Lloyd George's prewar budget-'a penny out of every National Insurance contribution should go to medical research'. The MRC, as it became after World War I, had senior medical scientists on the staff who played a role in helping scientists frame their grant applications and who advised them how the work fitted in with the general MRC programme. It was a personal approach that suited David. Throughout his active scientific career he was grateful for the long-term support for his research that he received from the MRC. David's period of service on the MRC began in 1974 and continued to the end of 1978; from 1978 to 1983 he also served as Attending Assessor on behalf of The Royal Society. These years saw many changes in the structure and work of the MRC. In particular the publication of the Rothschild report in 1972 and the subsequent White Paper on Research and Development promoted the acceptance of commissioned research and the need for closer relationships between the MRC and the Department of Health. These recommendations impelled the MRC to reorganize its structure, enlarging the number and membership of its research boards and redefining their role in formulating and implementing positive research policies. A new Cell Biology and Disorders Board was formed and David became its first Chairman. At its meeting in 1974 the Cell Board set up a committee to review the field of molecular biology with special reference to the future of the Laboratory of Molecular Biology in Cambridge, in view of the coming retirement of Max Perutz as Chairman of the laboratory in 1979. David chaired this committee, which included a visit to Cambridge in 1976 when consultations were held with staff, and written and oral submissions were received. David attached great importance to this assignment. It was a sensitive task because there had been some maverick comments that doubted the contribution of molecular biology to medical research. The Phillips report strongly endorsed the work of the Laboratory of Molecular Biology at Cambridge. The opposition was disarmed.
The MRC was (and still is) closely involved with the European Molecular Biology Laboratory (EMBL), being the financial channel for the UK contribution to its funding. In 1974 the new laboratory was founded in Heidelberg with Sir John Kendrew as its first Director. David was the UK delegate to the European Molecular Biology Conference, first Chairman of the user's committee that reviewed scientific proposals, and a member of the various MRC bodies concerned with the EMBL. He was also a founder member of the EMBO and served on its Council. . His involvement with the scientific and policy-making activities of the Society continued in later years. He described his first election to Council 'as the beginning of my journey down the Primrose Path that led to the ABRC and all sorts of complications'. As a member of a committee he was notable for speaking rarely, but when he did so it was to the point and with considerable wisdom. As a chairman he encouraged discussions, which meant that meetings could become discursive, but he generally held firm opinions himself and was good at summing up and achieving consensus.
T R S
His service as Biological Secretary, under the presidencies first of Lord Todd and then Sir Andrew Huxley, took place while he was still active in science. In addition to the general responsibilities associated with the various committees, soirées, and official and foreign visits, he led the organization of the elections to the Fellowship (encouraging the notion that Council should become more involved in the decision-making process), and acted as titular editor-in-chief of the Proceedings and Transactions on the biological side (in which he regretted that he was not more effective). He also initiated or chaired reviews on issues that are still topical today; on genetic manipulation, on growing points in science, and on animal experiments. The initiative that pleased him most, although he was not the only mover, was the setting up of The Royal Society's University Research Fellowship scheme in 1983. The scheme provides long-term support for gifted young researchers in university departments at the start of their independent scientific careers that enables them to make original contributions before taking on an academic appointment. The scheme has been an outstanding success. During the period 1983-2000, 572 appointments were made. Sir John Mason, F.R.S., who had served as Treasurer at this time, recalled, in his memorial address for David, that the officers worked hard to make the Society more outward looking, more active in science and education policy, and more influential in Whitehall and Westminster. He also became ex officio a member of the government's Advisory Council on Applied Research and Development (ACARD, later the Advisory Council on Science and Technology (ACOST)). The ABRC was an intermediary body between the government and the research councils. Its remit was to advise the government on its responsibilities for civil science and the resource needs, including the support of research in higher education institutions and training of postgraduate students. David took over at a difficult time. In the early 1960s the annual growth rate of the UK science budget was about 17%. By the early 1980s the growth rate was on average between 1% and 2% and in some years it was negative. As David noted, science tends to grow exponentially; money to pay for research does not. The long period of expansion in science, which had seen for example the lavish funding of the new Zoology building in Oxford in 1970, had come to an end and it was necessary to fight hard for an adequate and stable science budget.
David formulated the primary objectives of science as (39): to develop a deeper understanding of the universe and our place in it; to achieve social benefit from that understanding through the development of individual understanding, the promotion of health and welfare and the control of the environment; to further the development of a prosperous economy through the discovery of new knowledge capable of being exploited in wealth creation, and the training of scientists and engineers for roles in shaping that economy; to underpin national defence; and perhaps to further international goodwill and understanding through collaboration in a transnational human experience.
Within these objectives he was concerned to foster spontaneity and originality (40) . However, he had to do this in the face of 'the continuing growth of scientific opportunities, the increasing need for more and more complex apparatus, the growing importance of collaboration between scientists trained in different disciplines, and the need for a variety of organizations within which research of different kinds can be conducted' (40) and the 'limited resources that taxpayers make available to science'. In addition, during the years of the government of Margaret Thatcher (F.R.S. 1983) there was an emphasis on reining in government expenditure and a commitment to the market place.
David's approach to the ABRC was to create a spirit of openness, a spirit of searching, disinterested curiosity, with a notion that there were 'things to worry about without attacking them'. He was concerned to create the right balance between different modes of supporting research. His inquiries convinced him that the UK could not sensibly support high-quality work at the frontiers of knowledge in every field and that selectivity, to steer the bulk of research into a limited range of fields, was essential. Although he recognized that exploitability and applicability should have some role in priority judgements, he considered that the primary focus must be on excellence.
These considerations led to the ABRC document A strategy for the science base (38) , published in 1987, which made an attempt to come to terms with a science budget that was unlikely to reach the rate of growth of the 1960s. Among its thirty-five main conclusions and recommendations, there were many that dealt with the management and promotion of science so as to develop a strategic approach to research funding; these commanded the support of scientists. It included, for example, more support for research-based institutes and for interdisciplinary research centres. However, the report also made the controversial recommendation for a transformation of the universities into three categories, all of which would offer undergraduate teaching, but Type R universities would offer substantial research in a range of fields, Type T universities would offer mostly teaching without advanced research facilities, and Type X universities would offer research in particular fields. These proposals met with furious criticism. After various press comments, letters and meetings of the Parliamentary and Scientific Committee (an unofficial group of members of both Houses of Parliament and representatives of certain technical and scientific institutions), the scheme was dropped. However, in 1989, the University Grants Council (UGC) instituted a research assessment exercise that evaluated university departments on their research performance and correspondingly modified the funds used for the dual-support system according to the external support that universities were able to attract from research councils and other funding bodies. In 1991 the ABRC advocated a transfer of funds from the Universities Funding Council (the new form of the UGC) to the research councils with a corresponding requirement of the research councils to meet all the costs of their research projects, a proposal that had been introduced in the 1987 document. This led to a painful transition period for university scientists during which one form of financial support was seriously diminished while the alternative mechanism had not had time to become effective. To some extent these changes are leading to the selectivity envisaged in the 1987 document.
A further aspect of controversy was David's perceived attitude to high-energy physics. In 1985 the UK contribution to CERN (the European Centre for Nuclear Research in Geneva) came under scrutiny, largely because the weak pound had caused enormous difficulties for the UK subscription, which had to be paid retrospectively in Swiss francs. A committee was set up by the ABRC under the chairmanship of Sir John Kendrew to evaluate the UK role in particle physics. The committee recommended a reduction in funding. The ABRC was not in favour of this and a compromise was reached. A new mechanism for calculating international subscriptions was instituted and CERN agreed to review its organizational and budgetary policies. Later in 1991 the issue of large-scale facilities surfaced again with an uncharacteristically injudicious remark made by David at an informal meeting that referred to the demand by physicists for 'new toys'. This time there were calls for resignation. David explained that his phrases had been used provocatively to highlight the need for large-scale investments to be accompanied by explanations in clear terms why they are necessary and a priority for the health of British science.
The ABRC, as David found it, had a large membership that included the heads of the five research councils, the Chief Scientists from government departments, and a number of lay members from academia and industry. By about 1988 there was some concern over the roles of different research councils in funding biological research. A committee was set up under the chairmanship of Richard Morris, Chairman of Brown and Root, to consider these issues. The Morris report of 1989 recommended the restructuring of the research councils and a single national research council. After due consideration by the ABRC and a subcommittee chaired by David, it was recommended that the ABRC itself should be reformed and reconstituted, rather like the board of a company, with a full-time non-executive chairman, five executive directors (the heads of the research councils), and six non-executive directors. The letter to the Secretary of State (John MacGregor) proposed that 'the ABRC should be reconstituted as a smaller, more authoritative, body with a specific remit to promote greater harmonization of the Research Councils' activities'. David was asked to become the first fulltime chairman of the new Board, whose role was still primarily advisory but which now had some executive powers.
Consequently, in 1990 he resigned his Professorship in Molecular Biophysics at Oxford. The chair had been an ad hominem appointment. The research in the laboratory was going extremely well but there was no certainty that the chair would continue. The university set up a panel under the chairmanship of Sir David Weatherall, F.R.S., to review the future of Molecular Biophysics. Happily, the panel came out with a strong endorsement not only for the continuation of Molecular Biophysics but also for its expansion. With a generous endowment from the Edward Penley Abraham Research Fund, the chair was established and named the David Phillips Professorship of Molecular Biophysics. I was appointed as the first holder.
The major role of the ABRC had been to offer official advice to the successive Secretaries of State for Education and Science, which included reports on science and public expenditure offered annually at the outset of each public expenditure survey. Although the advice on the distribution of funds was almost always accepted, the total budget fell short of research needs. David was concerned that the carefully constructed advice based on an assessment of research needs should be made public. At the end of 1990 the government announcement of Public Expenditure gave poor treatment to the science budget-in David's words, the science budget had been subjected to 'creative accounting' and included items of capital costs that had already been spent. David voiced his concerns in public and was reprimanded by Whitehall. In the following year, the ABRC produced a 'forward look' document for Kenneth Clarke, the then Secretary of State for Science, which made a plea not only for increased funding in view of what had happened previously but also for a more long-term strategy. The result was one of the best settlements for science that included a rising profile over the first three years.
As Tam Dalyell has recounted (Obituary, The Independent, 26 February 1999), many scientists profess themselves to be in awe of politicians. For David Phillips it was the other way around. Politicians found him formidable. One Conservative minister confided, 'I read my brief three times before Phillips enters my office'. A less than informed opinion would be punished by a glacial interrogative stare. He made it his duty to bring MPs face to face with the realities of science. Tam Dalyell describes him as one of nature's shakers. Yet none of David's political acumen could prepare him for the bombshell that followed the General Election in 1992, in which to the surprise of the nation, a Conservative government was returned to power. In the week after the election, David learnt from the shaken and astonished Permanent Secretary at the Department of Science and Education that the support of science was to be radically reorganized. Science was to be transferred from the Department of Education to the new Office of Science and Technology under the Chancellor of the Duchy of Lancaster, a proposal that had been part of the Labour Party's manifesto. The Chancellor, then William Waldegrave, put in train a major review of the structure and funding of British science and its relationship to government, including the roles of advisory bodies and the research councils. There was wide consultation, culminating in the White Paper Realising our potential: a strategy for science, engineering and technology, published in May 1993. Among its many recommendations was the increase in the number of the research councils from five to six with a redrawing of the boundaries between them. However, it also recommended the abolition of the ABRC and the creation of a new post of Director General of the Research Councils. David was much opposed to the abolition of the ABRC because he considered that, although it was not perfect, the mechanisms for the chain of advice from the Board to ministers were better than direct ministerial control or the action of a Director General without a formal advisory panel. David was due to retire in April 1993. Nevertheless, when asked by the Secretary of State to stay on as 'if fulfilling the role of the new Director General of the Research Councils' and see through the task of restructuring the research councils (which he supported), he characteristically put aside his disappointment at the abolition of the ABRC and acted to set up the new structures, completing the boundary study by July. He continued in post until the first Director General of the Research Councils, Sir John Cadogan, F.R.S., took up his appointment at the end of 1993.
H  L
David had been made Knight Bachelor in 1979 and awarded the K.B.E. in 1989. In 1994, in the Birthday Honours List, David was appointed to a life peerage. He took the title Lord Phillips of Ellesmere after his birthplace and sat on the Cross Benches (indicating no affiliation to any one political party). After the responsibilities at the ABRC, the House of Lords must have seemed relatively tranquil. He appreciated the courtesy given by members to their colleagues and the genuine search to achieve a consensus agreement on issues that were to benefit the country. It was a most rewarding time. He found new friends whom he respected and admired. He became a very active member, serving from 1995 on the House of Lords Select Committee for Science and Technology and then chairing this committee from 1997 to 1998. This period, despite David's failing health, was the most active session in the committee's history. He chaired a major report The information society: agenda for action in the UK (41) that broke new ground by being published on the internet. Thereafter all reports have been published on the internet (http://www.parliament.the-stationery-office.co.uk/pa/ld/ ldsctech.htm). He also chaired the reports The National Committee of Enquiry into Higher Education (the 'Dearing Report') (42), Clinical academic careers (43), Digital images as evidence (44), and the major report The management of nuclear waste (1998) (45) , which he chaired until April 1998 and which thereafter, owing to his illness, was chaired by Lord Tombs. The amount of work in assembling the evidence for these reports was formidable. Other reports that also commanded his keen attention were the influential reports Resistance to antimicrobial agents (1997) and The use of cannabis (1998). Lord Flowers, F.R.S., has commented how very fond the members of the Select Committee were of him and how greatly he was respected and admired by all members of the House. He recalls David's courage in attending a gruelling evidence-gathering trip to the USA, returning as white as death and in need of a blood transfusion the next day. He did not spare himself. He continued to attend at Westminster until late spring 1998.
P
David enjoyed much support from his family. In 1960 he married Diana Hutchinson, who had been personal secretary to Sir Lawrence Bragg at the Royal Institution. They had one daughter, Sarah, who read mathematics and went into accountancy. His bond with Sarah was a particularly close one and she accompanied him on a number of trips abroad. She married Dr Paul Matthewson; the two grandchildren, Samuel and Isabella, brought David special joy in later years. In 1988 he was diagnosed with prostate cancer. He took an active interest in the treatment that held the disease at bay for eleven years and contributed to a newspaper article on his illness. He died after a short final illness on 23 February 1999. He will be long remembered for his outstanding contributions as a scientist, especially his work on the structure and function of lysozyme, for his formative influence in the early days of structural biology, for his wise and influential service in the organization of science, and for the great friendships with all who knew him well.
A
The papers and correspondence of David Phillips have been deposited in the Bodleian Library, Oxford (although many of these have restricted access). I am indebted to the excellent catalogue compiled by Jeannine Alton under the National Cataloguing Unit for the Archives of Contemporary Science at the University of Bath. In 1995 and 1996 David recorded a series of six video interviews with Max Blythe, Oxford Brooks University, for the Medical Sciences Video-Archive of the Royal College of Physicians. I am grateful for a transcript of these interviews, which was especially useful in providing a more personal view on affairs than that given in the official archive. In 1996 David also completed A letter to Sammy, an account of his early years growing up in a rural environment. I am most grateful to Sarah Phillips and to Sammy for allowing me to use this material. Most of David's scientific publications are in the archives of the Laboratory of Molecular Biophysics, University of Oxford.
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